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FLEXIBLE HYDRAULIC BRAKE LINE ASSEMBLY 
FOR MOTOR VEHICLE WHEELS 

Related Application 
This application is a continuation-in-part of application Serial No. 
09/829,175, filed April 9, 2001, which is a continuation-in-part of application 
Serial No. 09/760,355, filed January 12, 2001 . 

Background of the Invention 
[0001] In the production of hydraulic brake line assemblies used on motor 
vehicles such as automobiles, it is common to use a multi-layer high pressure 
flexible hose of the type disclosed in U.S. Patent No. 5,445,191. As generally 
illustrated in this patent, the hose includes an inner rubber tube, an outer rubber 
tube and an intermediate rubber tube with the inner rubber tube and the 
intermediate rubber tube each surrounded by braided reinforcing fibers. Such 
a flexible hose is commonly used in combination with bendable high pressure 
steel pipe or tubes having an outside diameter of about 3/16" and an inside 
diameter of about 1/8". Various types of special brass fittings are used to 
connect the flexible hose to the steel tubing and to connect the flexible hose to 
a caliper for a disk brake or to a hydraulic cylinder for a drum and shoe brake. 
[0002] When a flexible high-pressure hose is connected to a brake 
caliper, it is common to use a fitting having a "banjo" head portion, for example, 
of the type disclosed in U.S. Patent 4,626,006. Such a fitting is usually 
machined or fabricated from solid brass and includes a crimping collar or sleeve 
surrounding an end portion of the brake hose and a smaller concentric tubular 
nipple or eyelet which projects into the end portion of the tube. The brass eyelet 
has axially spaced circumferential ridges which grip the hose when the collar 
or sleeve is crimped inwardly against the end portion of the hose. The eyelet is 
sometimes formed as an integral part of the brass fitting, as shown in the '006 
patent, or the eyelet may be a separate brass tube which is pressed into the 
collar or fitting and then brazed. The "banjo" head portion disclosed in the '006 
patent comprises a block or eye-joint portion which has a cross bore for 
receiving a steel screw having internal fluid passages and threaded into the 
body of the caliper. The screw also extends through a pair of copper washers 
positioned on opposite sides of the fitting for forming high pressure seals 
between the fitting and the caliper. Frequently, the fitting has an internally 
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threaded female fitting portion which is machined from brass along with the 
collar and eyelet. 

[0003] A brass fitting with a collar and an integral or pressed-in nipple or 
eyelet and with a "banjo" head portion, such as disclosed in the '006 patent, is 
an expensive component for connecting the flexible brake hose to a brake 
caliper or cylinder, and adds significantly to the costs of the brake line assembly. 
When a bendable steel or brass tube is used to connect "banjo" head portion to 
a flexible rubber hose, one end portion of the tube is brazed to the head portion, 
and the opposite end portion of the tube is brazed to a brass fitting which has 
a collar and an internal eyelet that is also brazed to the fitting or machined as 
an integral part of the collar. Thus the various fittings which are commonly used 
to connect the opposite end portions of a high pressure hose to a bendable steel 
tube and to a hydraulic cylinder within a brake caliper or for brake shoes usually 
require a brazing operation followed by a plating operation which add 
significantly to the cost of the brake line assembly and result in additional 
possible leak paths for the hydraulic fluid. In addition, many of the brass fittings 
commonly used are internally threaded or female fittings which are more difficult 
to produce in high volume with precision internal surfaces. U.S. Patent No. 
4,813,517 discloses a modular manifold brake hose end fitting for reducing the 
number of fittings in a vehicle brake line system, and published PCT Application 
No. WO 99/49256 discloses a brake pipe or tube having a reduced end portion 
projecting into a flexible hose which is compressed against the end portion by 
crimping a metal collar. The collar is confined on the tube by outwardly 
projecting circumferential ribs formed within the tube by compressing the tube 
axially. 

Summary of the Invention 
[0004] The present invention is directed to an improved and simplified 
flexible brake line assembly which provides significant features and advantages. 
For example, a brake line assembly of the invention significantly reduces the 
cost of an assembly by eliminating expensive brass fittings, eliminating brazing 
and plating operations, eliminating female threaded fittings and "banjo" -type 
fittings and simplifies the installation of the brake line assembly onto a motor 
vehicle. In addition, the brake line assembly of the invention minimizes potential 
leak paths, provides for convenient and rapid testing for high pressure leaks 
prior to shipment to a motor vehicle assembly plant, permits all of the brake line 
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assemblies for a motor vehicle to be tied together to simplify handling, and 
further provides for installation of the assemblies to wheel brake calipers and 
other wheel brake cylinders and valves and manifolds with only one torque 
wrench. 

[0005] In accordance with one embodiment of the invention, a hydraulic 
brake line assembly includes a section of high pressure flexible hose with 
concentric rubber-like tubes having surrounding or braided reinforcing fibers and 
with opposite end portions of the hose each receiving an inwardly forged and 
reduced end portion of a high pressure bendable steel tube. The end portion 
of each steel tube may be forged or deformed to provide the axial cross 
sectional configuration and an outer diameter similar to a tubular nipple or 
eyelet. A metal sleeve or fitting or collar surrounds each end portion of the hose 
3 and the corresponding forged end portion of the steel tube and has a hole or 

fjj bore for receiving the steel tube. 

in [0006] The fitting or collar may be locked onto the tube by an inwardly 

tube deforming crimp or a threaded connection or by an outwardly projecting 
J circumferential rib formed on the end portion of the tube when the reduced end 

portion of the tube is forged, and/or by a spring steel retaining washer on the 
ry tube. The metal collar is crimped to compress the end portion of the hose 

O against the reduced and ribbed end portion of the tube and cooperates with the 

% lock of the collar to the tube to form a connection or coupling between the tube 
P and the hose having a substantial tensile strength of over 400 pounds. The 
assembly of the collar and the connected end portions of the hose and tube may 
be encapsulated in an injected molded plastic body which is also molded with 
a mounting portion to facilitate attaching the assembly to a component of a 
motor vehicle. 

[0007] The opposite end portion of the metal tube extending from each 
end portion of the flexible hose is formed with an outwardly projecting flare and 
receives an externally threaded or male flare nut. The flare nut may be threaded 
directly into a threaded port of a brake caliper or brake cylinder housing or valve 
body, and the port has a conical end surface for engaging the flared end of the 
metal tube. The metal tubes are bent to a predetermined configuration. 
[0008] In another embodiment, the brass collar is progressively formed 
or drawn from a sheet metal blank, and the collar is crimped to the steel pipe or 
tube as well as to the flexible hose. The crimp to the tube may be non-circular 
or square to provide substantial torque resistance between the collar and the 



f" 



s 



0» # 

Docket 7761 -C1 4 

tube. The pipe or tube may also be formed with circumferentially spaced and 
outwardly projecting ribs or ears which extend into corresponding slots within the 
collar to provide substantial torque resistance between the tube and collar. 
[0009] Other features and advantages of the invention will be apparent 
from the following description, the accompanying drawings and the appended 
claims. 



Brief Description of the Drawings 
[0010] FIG. 1 is a diagrammatic view of a hydraulic brake system for a 
motor vehicle or automobile and incorporating a brake line assembly 
constructed in accordance with the present invention for each of the wheel 
brakes; 

[0011] FIG. 2 is a side elevational view of a brake line assembly 
constructed in accordance with the invention and with portions of the flexible 
hose and metal tubes broken away to show that the length and curvature of 
hose and tubes may vary; 

[001 2] FIG. 3 is an enlarged fragmentary axial section taken generally on 
the line 3-3 of FIG. 2; 

[0013] FIG. 4 is a fragmentary axial section illustrating the coupling of the 
brake line assembly to a brake caliper; 

[0014] FIG. 5 is an enlarged fragmentary section of a deformed or forged 
end portion of a high pressure steel tube; 

[0015] FIG. 6 is a fragmentary axial section of a die system or tooling for 

forging or reducing the end portion of a steel tube and before the end portion is 
reduced; 

[0016] FIG. 7 is a section similar to FIG. 6 and illustrating the position of 

the die system after the end portion of the tube is reduced; 
[0017] FIG. 8 is an end view of a typical die set shown in FIGS. 6 & 7; 
[0018] FIG. 9 is an exploded perspective view of the die set shown in FIG. 

8; 

[0019] FIG. 10 is an enlarged fragmentary section similar to FIG. 3 and 

showing a modification of an assembly constructed in accordance with the 
invention; 

[0020] FIG. 11 is a fragmentary elevational view similar to FIG. 2 and 

showing another embodiment or assembly constructed in accordance with the 
invention; 



Docket 7761 -C1 



5 



[0021] FIG. 12 is a fragmentary axial section of the assembly shown in 
FIG. 1 1 before receiving an end portion of a flexible hose; 
[0022] FIG. 13 is a fragmentary axial section of the assembly, taken 

generally on the line 1 3-1 3 of FIG. 11; 

[0023] FIG. 14 is a perspective view of the assembly shown in FIG. 11 
and encapsulated in a molded plastic body with a mounting portion in 
accordance with the invention; 

[0024] FIG. 15 is a perspective view similar to FIG. 14 and showing two 
of the assemblies of FIG. 1 1 encapsulated in a molded plastic body; 
[0025] FIG. 16 is a fragmentary axial section similar to FIG. 13 and 

showing another embodiment or assembly constructed in accordance with the 
invention. 

[0026] FIG. 17 is a fragmentary axial section similar to FIG 13 and 

showing an assembly constructed in accordance with another embodiment of the 
invention; 

[0027] FIG. 18 is a section taken generally on the line 18-18 of FIG. 17; 
[0028] FIG. 1 9 is a series of sections showing the progressive steps used 
to make the collar shown in FIG. 17; 

[0029] FIG. 20 is a fragmentary axial section similar to FIG. 17 and 
showing an assembly constructed in accordance with a further embodiment of 
the invention; 

[0030] FIG. 21 is a section taken generally on the line 21-21 of FIG. 20; 

[0031] FIG. 22 is a fragmentary axial section similar to FIG. 13 and 

showing another embodiment of the invention; and 

[0032] FIG. 23 is a section taken generally on the line 23-23 of FIG. 22. 

Description of the Preferred Embodiments 
[0033] FIG. 1 illustrates a motor vehicle or automotive brake system 

including a brake disk 15 and a hydraulically actuated brake caliper 16 for each 
of the four wheels of the automobile. However, it is to be understood that any 
of the wheels may have a drum brake with brake shoes and a hydraulic cylinder 
or actuator (not shown) in place of a brake disk 1 5 and a caliper with a hydraulic 
cylinder or actuator 16. High pressure hydraulic fluid is supplied to each of the 
actuators or calipersl 6 through a hydraulic brake line assembly 20 constructed 
in accordance with the invention. Each of the assemblies 20 extends from an 
automatic brake system (ABS) control valve 22 (FIG. 1) which is supplied with 
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hydraulic fluid from a master brake cylinder 25 connected to the valve 22 by a 
high pressure steel tube or line 26. 

[0034] In accordance with the present invention, each of the brake line 

assemblies 20 includes a high pressure flexible brake hose 30 which is 
constructed, for example, as disclosed in above mentioned Patent No. 
5,445,191, the disclosure of which is incorporated by reference. A high pressure 
and bendable steel tube 32 connects one end portion of each flexible hose 30 
to the control valve 22, and a high pressure bendable steel tube 34 connects the 
opposite end portion of each flexible hose 30 to the corresponding brake 
actuator or caliper 16. Each of the bendable steel tubes 32 and 34 has a 
conventional outside diameter of 3/1 6 M and an inside diameter of 1/8 M and may 
be coated with a layer of plastics material or formed from stainless steel 
seamless tubing. The outer end portion of each tube 32 and 34 has an 
outwardly projecting flared end 36 and receives an externally threaded or male 
flare nut 38. 

[0035] Referring to FIGS. 3 & 5, the inner or opposite end portion of each 
metal tube 32 and 34 has a mechanically deformed or forged end portion 42 
(FIG. 5) which is forged or swaged radially inwardly to provide the end portion 
with an outside diameter of about .133 M and an inside diameter of about .063" 
The tube end portion 42 is also provided with a series of axially spaced 
cylindrical lands or ridges 44 each of which extends from a sharp radial shoulder 
46 to provide the end portion 42 with an axial cross sectional configuration 
similar to a conventional eyelet which is machined as an integral part of a 
conventional brass fitting or is pressed into a brass fitting and brazed, as 
mentioned above. The forged or reduced end portion 42 of each steel tube 32 
and 34 slides snugly into an end portion of the high pressure hose 30, and the 
end portion of the hose is clamped to the end portion 42 of the metal tube 32 or 
34 by an annular metal or brass or stainless steel sleeve or collar 50. The collar 
50 surrounds the end portion of the hose and is squeezed inwardly by either a 
single crimp 51 (FIG. 2) or a dual crimp 51 (FIGS. 3 & 4) or other crimps 
performed by a conventional crimping machine. 

[0036] The collar 50 has an end portion or wall 52 with a center bore or 
hole 53 slightly larger than the outer diameter of the steel tubes 32 and 34 so 
that the collar 50 slides onto the tube during assembly. As shown in FIGS. 3 
& 5, the end portion 42 of each tube 32 and 34 is formed or forged with an 
outwardly projecting circumferential rib 56 which is engaged by the end wall 52 
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of the collar 50. The rib 56 also engages and forms a stop for the adjacent end 
surface of the flexible hose 30. Thus after the metal collar 50 is crimped radially 
inwardly to compress the end portion of the hose against the ribbed end portion 
42 of the steel tube, the end wall 52 of the collar 50 and the adjacent rib 56 
cooperate to provide the connection with a substantial tensile strength, for 
example, over 400 pounds. The end wall 52 also protects the adjacent end of 
the tube. 

[0037] Referring to FIG. 4, the opposite end portion of each metal tube 34 

having a flared end 36, is coupled or secured to the housing or body of the 
corresponding caliper 16 by the corresponding externally threaded flare nut 38 
which is threaded into an internally threaded port within the caliper body. 
Preferably, the caliper body port is machined with a tapered or conical seat 58 
which surrounds a hydraulic fluid passage 61 within the caliper body and 
receives the flared end 36 of the tube 32 to form a high pressure fluid-tight seal 
when the flare nut 38 is tightened. The opposite end of each metal tube 32 is 
secured to the ABS brake control valve 22 by the corresponding externally 
threaded flare nut 38 and an internally threaded bore with a seat 58. 
[0038] Referring to FIGS. 6-9, the deformed or forged end portion 42 on 
each of the steel tubes 32 and 34 is produced by forming or forging tooling 70 
which includes a series of circular die sets 71, 72, 73 & 74 confined within a 
surrounding housing 78 having a tapered or part conical cam surface 81 
extending from a cylindrical surface 82. The stack of die sets 71-74 are 
confined between a set of axially spaced cylindrical plates 83 and 84 which are 
tied together by a set of four shouldered screws 87. The screws 87 extend 
through corresponding aligned slots 89 within the die sets 71 -74 and provide for 
radial sliding movement of the die sets. A set of axially extending guide pins 92 
also connect the plates 83 and 84 and extend through corresponding slots 94 
within the die sets. 

[0039] As shown in FIGS. 8 & 9, each of the die sets 71 -74 includes four 
1/4 circular segments such as the four segments 96 for the die set 74. The 1/4 
segments of each die set are held in alignment by a set of guide pins 98 which 
slide within corresponding holes or bores 101 within the die segments so that 
the die segments may move radially between retracted positions (FIG. 6) and 
inward forging positions (FIG. 7). As shown in FIGS. 6 and 7, each of the die 
sets 71-74 has center bore surfaces which together correspond to the outer 
contour of the deformed or forged end portion 42 of the steel tubes 32 and 34 
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and include recesses or cavities which form the ridges 44 and shoulders 46 as 
well as the circumferential rib 56 when the die sets are cammed radially inwardly 
by the surface 81. 

[0040] Each of the die sets 71-74 has a peripheral tapered surface 104 
which has the same slight taper as the tapered surface 81 within the housing or 
body 78. The plate 83 supports an axially extending center pin or mandrel 1 06 
which has a diameter corresponding to the desired inside diameter of the forged 
end portion 42 of each of the tubes 32 and 34, for example, a diameter of .063" 
The mandrel 106 has a cylindrical head portion 108 which is supported within 
a bore 1 1 0 formed within the center of the die plate 83. A set of four screws 112 
(FIG. 6) secure the cylindrical die plate 83 to an annular plate 114 which is 
secured by a circumferential weld 116 to a piston rod 118 extending from a 
double acting hydraulic cylinder (not shown). The rod 118 has a center bore 
121 which aligns with the bore 110 within the die plate 83 and confines a pin 
123 for retaining the mandrel 106 within the die plate 83, as shown in FIGS. 6 
and 7. 

[0041] In operation of the forging or forming tooling 70, the piston rod 118 
is extended within the housing 78 to the position shown in FIG. 6 where the 
sections 96 of the die sets 71 -74 are retracted radially outwardly by springs (not 
shown) for freely receiving an end portion of a metal tube 32 or 34 which slides 
onto the mandrel 106. When the piston rod 1 18 and die sets 71-74 and steel 
tube are retracted by the hydraulic cylinder to the position shown in FIG. 7, the 
sections 96 of the die sets 71-74 are cammed radially inwardly by the cam 
surface 81 so that the die sets deform or forge the inner and outer configuration 
of the end portion 42 including the axially spaced ridges 44, the radial shoulders 
46 and the stop rib 56. When the piston rod 1 1 8 is extended again, the 
segments 96 of the die sets 71-74 retract radially outwardly so that the end 
portion 42 of the tube may be withdrawn from the mandrel 1 06 and the die sets 
of the tooling 70. It is to be understood that the forging tooling shown in FIGS. 
6-9 represents one form of tooling for quickly producing the forged end portions 
42 on the steel pipes or tubes 32 and 34. However, the deformed or forged end 
portion 42 may also be formed by other means such as a roll-forming operation 
similar to the tooling used for roll-forming threads onto a bolt. 
[0042] FIG. 10 shows a modification of a brake line assembly similar to 
that described above in connection with FIG. 3 and wherein the same 
components have the same reference numbers, and the modified components 
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are identified with a prime mark or a new reference number. Each of the metal 
or steel tubes 32' and 34' have a forged or reduced end portion 42' which 
extends from a forged or reduced cylindrical neck portion 1 26 having an outside 
diameter slightly less than the outside diameter of the tube 32' or 34' and slightly 
greater than the outside diameter of the end portion 42' to form annular tapered 
shoulders 1 28 and 1 31 . A metal or brass collar 50' includes one or more crimps 
51' on the hose 30 and also includes an end portion 134 having a stepped 
center bore which si idably receives the tube and the neck portion 126. The 
collar portion 1 34 engages the shoulder 1 28 to form a stop for the tube when the 
end portion 42' and neck portion 126 are inserted into the collar 50'. After the 
end portion 42' and neck portion 126 are inserted into the center bore of the 
collar 50' and before the collar 50' receives the corresponding end portion of the 
hose 30, an annular spring steel retaining washer 136 is pressed onto the neck 
portion 126 of the tube 32' or 34' so that the collar 50' is secured or locked onto 
the tube. The end portion of the hose 30 is then inserted into the collar 50', and 
the collar 50' is crimped with one or two crimp portions 51' or other forms of 
crimps. 

[0043] Referring to FIGS. 11-13, another embodiment of a flexible 
hydraulic brake line assembly 140 is constructed in accordance with the 
invention and includes a metal or brass fitting or collar 142 for positively 
connecting the flexible hose 30 to a steel pipe or tube 144 which has 
substantially the same outside diameter and inside diameter as the tubes 32 and 
34, but is also coated with a thin plastic or nylon protective coating or layer 1 46. 
The tube 144 has an inwardly forged reduced end portion 148 which has the 
same size and configuration as the end portion 42 described above in 
connection with FIG. 5 and is formed with tooling such as described above in 
connection with FIGS. 6-9 The tube end portion 148 extends from a tapered 
annular shoulder 1 51 similar to the shoulder 131 described above in reference 
to FIG. 10. 

[0044] The metal fitting or collar 1 42 includes a tubular portion 1 54 which 
surrounds the end portion 148 of the tube 144 and has internal grooves 156 
formed by forming internal helical threads. The collar 142 also has an annular 
hub or end portion 1 58 having an external mounting groove 161 and an internal 
center bore 162 for receiving the metal tube 144 with the outer plastic coating 
or layer 146. If desired, the plastic coating or layer 146 may be terminated at 
the end of the collar end portion 158 and not extend into the center bore 162. 
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Also, a spring gripping retaining washer or push nut 1 36 may be mounted on the 
tube 144 or end portion 148 after the collar 142 is slid upon the steel tube 144. 
[0045] After the end portion of a flexible hose 30 is pushed onto the end 
portion 1 48 of the tube 1 44 and into the tubular portion 1 54 of the collar 1 42, the 
collar 142 is positioned within modified conventional crimping tooling which 
swages or crimps the tubular portion 154 inwardly, as shown in FIGS. 11 &13, 
to force the flexible hose 30 into the external grooves within the end portion 148 
and the internal grooves 156 within the tubular portion 154 for positively 
securing the end portion 148 of the tube 144 and the tubular portion 154 of the 
collar 142 to the end portion of the hose 30. As shown in FIG. 1 1 , the crimping 
operation produces peripherally spaced and axially extending flat crimp surfaces 
166. 

[0046] Simultaneously with the crimping operation of the tubular portion 
154 of the collar 142, forming the crimp surfaces 166, the modified crimping 
tooling also crimps the hub or end portion 158 of the collar 142 to a position 
where the end portion 158 deforms the steel tube 144 to form a reduced neck 
portion 171 (FIG. 13) having an inside diameter substantially the same as the 
inside diameter of the forged end portion 148 of the tube 144. This crimping 
operation of the collar end portion 1 58 is effective to lock or positively secure the 
collar 142 to the metal tube 144 and provides the assembly 140 with substantial 
tensile strength. As shown in FIG. 11, the inward squeezing or crimping 
operation of the collar end portion 158 also produces circumferentially spaced 
and axially extending flat crimp surfaces 174 on the collar end portion 158, and 
the surfaces 1 74 are axially aligned with the surfaces 1 66 on the crimped tubular 
portion 154. The reduced neck portion 171 of the tube 144 may also be 
preformed when the end portion 148 is formed using tooling such as shown in 
FIGS. 6-9. 

[0047] Referring to FIG. 14, an assembly 140 of a steel tube 144, collar 
142 and flexible hose 30 are enclosed or encapsulated in a molded body 180 
of a semi-rigid and slightly resilient plastics or rubber material to provide 
protection for the assembly 1 40. With such encapsulation, the fitting or collar 
1 42 may be formed of cold rolled steel or metal instead of brass. The body 1 80 
may be injection molded after the assembly 140 is placed as an insert in the 
mold, and preferably, the body 180 is molded with a mounting portion or flange 
1 82 having a hole 1 83 to facilitate attaching of the assembly to a component of 
a motor vehicle. Accordingly, the molded encapsulating body 1 80 may have any 
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configuration. As shown in FIG. 15, two encapsulating bodies 190 may be 
molded as one piece or unit with a connecting portion or arcuate web 192 for 
encapsulating a plurality or two of the assemblies 1 40. Dual molded assemblies 
simplify or facilitate mounting of the assemblies onto a motor vehicle component, 
for example, with a band clamp 194. In some motor vehicles, two hydraulic 
brake line assemblies are required for the braking system for each vehicle 
wheel, and the combined encapsulating bodies 190 not only protect the two 
assemblies 140, but also simplify attaching the assemblies to motor vehicle 
components adjacent each wheel. 

[0048] FIG. 16 illustrates another modification or embodiment of a brake 
line assembly 200 constructed in accordance with the invention and wherein a 
M: metal fitting or collar 204 positively connects the end portion of a flexible brake 

O line hose 30 to a metal or steel pipe or tube 206 having the same inside and 

m outside diameters as the tubes 32, 34 and 1 44 and a protective plastic or nylon 

Ml coating or layer 207. The fitting or collar 204 has a tubular portion 210 which 

£2 is crimped inwardly against the end portion of the hose in the same manner as 

fij the tubular portion 1 54 of the collar 142 is crimped to secure the end portion of 

J a the hose 30 to the tubular portion 21 0 of the collar 204 and to a steel tube end 

ry portion 212 having the same configuration as the tube end portion 42 and 148. 

In the embodiment of FIG. 1 6, the fitting or collar 204 has an annular hub or end 
p portion 21 4 with an internal bore having threads 216 which mates with external 

M threads formed on a tubular portion 218 of the metal pipe or tube 206. This 

assembly forms a connection or coupling between the collar 204 and the tube 
206 with also very high tensile strength. After the collar 204 is threaded onto the 
tubular portion 218 of the tube 206, the end portion of the hose 30 is inserted 
onto the tubular end portion 212 of the tube 206 and within the tubular portion 
21 0 of the collar 204, after which the tubular portion 21 0 is crimped inwardly, as 
mentioned above. 

[0049] Referring to FIG. 17, a brakeline assembly 225 is also constructed 

in accordance with the invention and includes a sheet metal collar 228 which 
positively couples or connects the end portion of a flexible brakeline hose 30 to 
a metal or steel pipe or tube 230 having the same inside and outside diameters 
as the tubes described above in connection with FIGS. 1-16, and which may 
have a protective plastic or nylon coating or layer 232. The collar 228 is 
progressively formed from a circular sheet metal or brass disk (FIG. 19) with 
progressive drawing steps (a) - (f) to form a tubular fitting 234 having a flange 
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236 which is cut off on a mandrel 237 to form a tubular collar 240. The tubular 
collar 240 is preferably formed on a transfer press, for example, of the general 
type produced by Waterbury Farrel in Cheshire, Connecticut. In such a press, 
after the ciruclar sheet metal blank 235 is cut from a sheet metal strip, the disk 
is progressively transferred by a series of reciprocating opposing gripping 
fingers through a series of forming dies until the final tubular fitting or collar 240 
is formed. If desired, the flange 236 may remain on the collar 240 and used for 
supporting the assembly 225. 

[00501 The steel P j P e or tube 230 is swaged or forged to form the reduced 
end portion 241 which may have axially spaced and circumferentially extending 
ridges such as the ridges 44 described above in connection with FIG. 5. As 
shown in FIG. 17, the sheet metal collar 228 has a generally uniform wall 
thickness and includes a cyrindrical or tubular end portion 242 which receives 
the end portion of the hose 30 and is crimped inwardly against the hose by 
axially extending crimped portions 244 having flat outer surfaces such as 
described above in connection with FIG. 11. However, other forms of crimps 
may be used, such as the circumferential crimps 41. The inner surface of the 
tubular portion 242 may also have internal helical grooves, such as the grooves 
1 56 described above in connection with FIG. 1 3, in order to increase the tensile 
strength between the hose 30 and the collar 228. 

[0051] The sheet metal collar 228 also has a smaller diameter end portion 
252 which has a plurality or three circumferentially spaced and inwardly 
projecting dimples 254 which form a positive stop for the collar 228 after the 
tubular portion 252 receives the metal tube 230. As shown in FIGS. 1 7 & 1 8, the 
cylindrical end portion 252 of the collar 228 is forged or crimped inwardly with 
a set of crimping dies and with sufficient force for also crimping the tube 230 
inwardly to form a reduced neck portion 258 and a surrounding collar portion 
262 which have a square cross-sectional configuration, as shown in FIG. 18. 
The reduced crimp portions 258 and 262 not only lock the collar 228 to the tube 
230 with substantial resistance to an axial or tensile force, but also provide 
substantial resistance to a torsional force between the collar 228 and tube 230. 
[0052] Referring to FIG. 20, a brake line assembly 275 also includes a 

sheet metal fitting or collar 278 having a tubular end portion 282 for receiving 
the end portion of the hose 30, as described above, and a smaller tubular end 
portion 284 for receiving a tubular end portion 286 of a metal pipe or tube 285. 
The pipe or tube 285 has a reduced end portion 288 which projects into the 
hose 30 and may have circumferentially extending ridges as mentioned above 
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for the tubular end portion 241 in FIG. 17. The tubular collar portion 282 has a 
crimped portion 294 which is the same as the crimped portion 244. The smaller 
cylindrical collar portion 284 has a crimped end portion 296 which is preferably 
formed or crimped at the same time as the crimped portion 294 and also forms 
a reduced cylindrical neck portion 298 within the tube 285. To resist rotation of 
the collar 278 relative to the pipe 285, a set of three circumferentially spaced 
and axially extending lobes or ears 302 are formed on the tube 285, and the 
ears 302 are received within corresponding grooves 304 defined by outwardly 
projecting ribs 306 within the tubular portion 284 of the collar 278. The ears 302 
are preferably formed on the tube 285 when the reduced end portion 288 is 
formed, and the ribs 306 are formed within the collar 278 when the collar is 
progressively formed from a sheet metal disk. After the collar 278 receives the 
hose 30 and the end portion 286 of the tube 285, the crimped portions 294, 296 
and 298 are formed. 

[0053] FIG. 22 shows an assembly 315 which includes a collar 320 
machined from solid metal or brass rod in the same manner as the collars 50' 
and 142 (FIG. 12) are formed. The collar 320 receives the same end portion of 
the tube 285 described above in connection with FIG. 20 and is machined with 
a set of circumferentially spaced slots 324 for receiving the outwardly projecting 
ears 302 on the tubular portion 286 of the pipe or tube 285. The collar 320 has 
a tubular end portion 328 which is crimped inwardly with the end portion 329 and 
in the same manner as the end portions 154 and 158 of the collar 142 are 
crimped inwardly, as described above in connection with FIGS. 12 & 13. The 
collar 320 also has a circumferentially extending groove 330 which may be used 
for attaching the collar 320 to a support bracket, as mentioned above in 
connection with the groove 161 . Also, the tubular end portion 328 may have 
internal grooves, such as the grooves 1 56, and each of the assemblies 225, 275 
& 315 may be placed as an insert within a plastic injection mold cavity for 
encapsulating the assembly within a plastic protection and mounting body, as 
described above in connection with FIGS. 14 & 15. 

[0054] From the drawings and the above description, it is apparent that 
a hydraulic brake line assembly constructed in accordance with the present 
invention, provides desirable features and advantages. For example, one 
important feature is provided by the simplicity of a brake line assembly of the 
invention which eliminates expensive brass fittings, such as a fitting with a 
machined "banjo" block having an integral or pressed in ribbed eyelet, 
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eliminates brazing of the fittings, and thereby eliminates any plating operations 
required after brazing. A brake line assembly constructed in accordance with 
the invention also provides for high tensile strength or resistance to a tension 
force and high torque resistance between the metal tube and the metal collar, 
and permits the use of seamless stainless steel bendable tubing to form the 
tubes, which is sometimes highly desirable to eliminate or minimize corrosion. 
The sheet metal or brass fitting or collar, as described in connection with FIGS. 
17-21 also significantly reduces the cost of a brake line assembly by 
substantially increasing the rate for producing collars and by substantially 
reducing the production of scrap metal or brass, without any reduction in 
strength. 

[0055] The brake line assembly of the invention further reduces the 
equipment for producing brake line assemblies and permits the use of one 
torque wrench for tightening all of the externally threaded flare nuts 38 into the 
brake calipers or brake cylinders as well as into a supply component such as the 
ABS brake control valve 22. Moreover, the brake line assemblies minimize the 
paths for possible leaks and may be easily checked or tested with high pressure 
fluid or vacuum prior to shipment to a vehicle assembly plant. The brake line 
assemblies, with the metal tubes preformed on a CNC programmable tube 
bender, and for use on one automobile or vehicle, may also be assembled or 
tied together to facilitate shipment and for rapid and convenient handling and 
installation onto a vehicle on an assembly line. In addition, the encapsulation 
of a tube and hose assembly with a molded plastic surrounding body having a 
mounting portion, as shown in FIGS. 14 & 15, not only protects the assembly but 
simplifies mounting of the assembly on a vehicle body. As a result of the above 
advantages, the brake line assembly of the invention provides not only for a 
higher quality assembly with high tensile and torsional strength, but also a 
substantial total cost savings over conventional brake line assemblies commonly 
installed on motor vehicles. 

[0056] While the forms of brakeline assembly and the forging tooling and 
methods herein described constitute preferred embodiments of the invention, 
it is to be understood that the invention is not limited to the precise methods, 
tooling and assemblies described, and that changes may be made therein 
without departing from the scope and spirit of the invention as defined in the 
appended claims. 
[0057] What is claimed is: 



